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.2013.12.0Abstract Cichlids represented about 54.51% of the total landed catch in Nozha Hydrodrome dur-
ing 2008. The present work aims to give useful information on the stocks of Cichlid species (Ore-
ochromis niloticus, Sarotherodon galilaeus, Oreochromis aureus and Tilapia zillii) and their
management in the Hydrodrome. Length weight relationship, condition factor, length composition
of the catch, length scale relationship, total length by the end of each year of life, growth in weight,
Von Bertalanffy parameters, the values of total, natural and ﬁshing mortalities, survival rates,
length and age at ﬁrst capture, length and age at recruitment, yield per recruit, biomass per recruit,
determination of the biological reference points were studied. The present study concluded that, the
ﬁsheries status of the four cichlid species in Nozha Hydrodrome is not in an over exploited condi-
tion.
ª 2014 Production and hosting by Elsevier B.V. on behalf of National Institute of Oceanography and
Fisheries.Introduction
Cichlid ﬁsh live in the Nile River and its tributaries as well as
the Northern Delta lakes (Manzalah, Borollus, Edku and
Mariut), lake Qaroun, Wadi El-Raiyan, and Lake Nasser.
They are also cultured in many ﬁsh farms all around Egypt.634115; fax: +20 1006635370.
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06Nozha Hydrodrome is an isolated part of Lake Mariut
(Fig. 1), it lies in the northeastern side of the lake at latitude
31 10- E and longitude 30 N. with a total area of about
1200 feddans. It is regularly supplied with fresh Nile water
from Mahmoudia canal through a feeding channel situated
at its northwestern side.
The present study aims to give useful information on the
stocks of cichlid species and their management, due to their
important contribution to the landed catch of the Nozha
Hydrodrome.
Materials and methods
The ﬁsheries statistics were obtained from the authorities of
the Egyptian Fisheries company for ﬁshing and ﬁshing gear.
These data include the number of ﬁshing trips, the total landedational Institute of Oceanography and Fisheries.
Figure 1 Location of Nozha Hydrodrome with respect to the Mediterranean Sea and Lake Mariut.
284 H.H. Mahmoud et al.catch of each ﬁshing trip in kilograms and the species compo-
sition of the landed catch.
Tilapia random samples were obtained from the commer-
cial ﬁshing boats in the landing site of Nozha Hydrodrome
twice a month for 1 year except from the middle of July to
the middle of August due to the closed ﬁshing season in the
Hydrodrome. A scale sample from each ﬁsh was taken in a
small envelope for further examinations.
Length weight relationship was computed according to
Le Cren (1951). The condition factors were calculated for
the four species under study using the following equation:
K= (W/L3) · 100 (Hile, 1936). Where ‘‘W’’ is the total
body weight (g) and ‘‘L’’ is the total body length (cm) of
the ﬁsh.
Back calculations of ﬁsh length were done by using Lee’s
method (1920). These lengths were used to estimate the growth
parameters of the Von Bertalanffy (1938) growth model
according to Ford (1933) and Walford (1946), while ‘‘to’’
was estimated by inverse Von Bertalanffy growth equation
and ‘‘W1’’ was estimated by converting ‘‘L1’’ to the corre-
sponding weight using the obtained formula for length weight
relationship.
According to Moreau et al. (1986) growth performance
indices (ØL and Øwt) were estimated and considered to be a
good index of ﬁsh growth.
The total mortality coefﬁcient ‘‘Z’’ of the four cichlid spe-
cies in Nozha Hydrodrome was obtained by two methods,
the ﬁrst one is the catch curve according to Ricker, 1975 and
the second method is the cumulated catch curve which is based
on length composition data (Jones and van Zalinge, 1981),
then the average value of ‘‘Z’’ was estimated from the two
methods for the four species.
Natural mortality was calculated according to Pauly’s for-
mula (1980):
LogM ¼ 0:0066 0:279 logL1þ 0:6543 logKþ 0:4634
 logT:where L1 and K are Von Bertalanffy growth formula param-
eters and ‘‘T’’ is the annual mean temperature.
Fishing mortality ‘‘F’’ was calculated by subtracting the
natural mortality coefﬁcient from the total mortality coefﬁ-
cient. Estimation of survival rates ‘‘S’’ was done according
to Ricker (1975) equation. The exploitation ratio ‘‘E’’ was cal-
culated according to Baranov (1918) formula.
Length and age at ﬁrst capture (Lc and tc) were computed
by the equations of Beverton and Holt (1956, 1957). Length
and age at recruitment (Lr and tr) were estimated by applying
the growth equation of Von Bertalanffy (Sparre and Venema,
1998).
The yield per recruit (Y/R) was estimated by Beverton and
Holt yield per recruit model (1957). Beverton and Holt biomass
per recruit (B/R) model was obtained by the equation:
B/R= (Y/R)/F where ‘‘F’’ is the ﬁshing mortality. The extreme
values of the ﬁshing level, which might seriously affect the self-
renovation of the stocks, were deﬁned as biological reference
points ‘‘B.R.P.’’. These values of ﬁshing mortality such as
‘‘Fmax’’ and ‘‘F0.1’’ were obtained according to Cadima (2003).Results
Catch composition in Nozha Hydrodrome
Cichlids represented about 54.51% of the total landed catch in
Nozha Hydrodrome during 2008, followed by Liza ramada
20.81%, Bagrus bajad 14.57%, Carp spp. 4.81%, Mugil cepha-
lus 4.2% and other species each of them having an abundance
less than 1% in the landing catch. The present results revealed
that, Oreochromis aureus represents about 48% of the total
landed catch of Tilapia species, Sarotherodon galilaeus about
18.5% and Tilapia zillii about 12.5% while the percentage of
Oreochromis niloticus was about 21%. This species used to rep-
resent about less than 4% of the landed catch of Cichlid spe-
cies in Nozha Hydrodrome (Philips, 2004). The Egyptian
Table 1 Age composition percentages of the four species
under study in Nozha Hydrodrome.
Age (year) O. niloticus % S. galilaeus % O. aureus % T. zillii %
I – 8.56 25.11 3.96
II 48.03 33.07 28.82 27.31
III 30.82 36.58 33.25 40.53
IV 14.34 14.79 6.9 17.62
V 4.66 7 3.45 7.05
VI 1.79 – 1.48 3.52
VII 0.36 – 0.99 –
Total 100 100 100 100
Table 2 Parameters of Von Bertalanffy growth formula and
performance indices for the four cichlid species under study.
Parameter O. niloticus S. galilaeus O. aureus T. zillii
K 0.211 0.207 0.206 0.203
to 0.432 0.348 0.248 0.346
L1 38.06 37.39 38.09 33.38
W1 1081.94 1043.81 1075.2 713.4
tmax 14.23 14.47 14.54 14.77
ØL 2.485 2.462 2.476 2.355
Øwt 1.347 1.329 1.335 1.21
Fisheries management of cichlid ﬁshes 285Company for ﬁshing and ﬁsh Gears which is responsible for
the management of ﬁsheries in the Hydrodrome added more
than one million ﬁngerlings of O. niloticus each year starting
from 2003. This technique affected the abundance of O. niloti-
cus in the landed catch of Nozha Hydrodrome during the per-
iod of study and raised it from 3.6% to 21%.
The commercial ﬁshing operations were carried out in the
Hydrodrome by using small sailing boats equipped with an
outboard motor of about 15 horse power (or without motor)
and with few ﬁshermen on board normally not more than three
persons. Fishermen normally spend all the night ﬁshing over
these boats for 4 days per week. The catch is landed unsorted
normally in the early morning. It is then sorted, classiﬁed and
weighed to be transported to the ﬁshing centers. In general,
Gill nets are the most dominant ﬁshing gear in the Hydro-
drome followed by Mullet nets.
Length–weight relationship
The length weight relationships for the four species under
study were found to be:
W ¼ 0:0273L2:9093 R2 ¼ 0:9844 for O: niloticus
W ¼ 0:0292L2:8951 R2 ¼ 0:9725 for S: galilaeus
W ¼ 0:0215L2:9726 R2 ¼ 0:9654 for O: aureus
W ¼ 0:0287L2:8852 R2 ¼ 0:9728 for T: zilliiThe body length scale radius relationship
The body length scale radius relationships for the four species
proved to be linear and could be represented by the following
formulae as straight lines:
T:L ¼ 2:3174Sþ 1:2082 R2 ¼ 0:9704 for O: niloticus
T:L ¼ 2:3874Sþ 1:152 R2 ¼ 0:9957 for S: galilaeus
T:L ¼ 2:4788Sþ 1:0061 R2 ¼ 0:9925 for O: aureus
T:L ¼ 2:5180Sþ 0:9804 R2 ¼ 0:988 for T: zillii
where ‘‘L’’ is the total length (cm) and ‘‘S’’ is the total scale
radius (micrometer division).
Condition factor
The mean condition factor for overall length groups were 2.05,
2.16, 1.96 and 2.07 for O. niloticus, S. galilaeus, O. aureus and
T. zillii respectively. The seasonal variations in the value of the
condition factor ‘‘K’’ were studied and the maximum value ap-
pears in spring (2.13, 2.22, 2.08 and 2.15) for O. niloticus, S.
galilaeus, O. aureus and T. zillii, respectively, after which these
values decrease in summer and autumn gradually till they
reach their minimum in winter.
Age composition
The most abundant age group is age group III (36.58%,
33.25% and 40.53%) for S. galilaeus, O. aureus and T. zillii,
respectively, while for O. niloticus age group II is the dominant
age (48.03%) as shown in Table 1.Back calculation and growth in length
The average back calculated lengths for each age group of the
four cichlid species were estimated, it was found that, the high-
est growth rate in length was during the end of the ﬁrst year of
life for all the species, after which there is a gradual decrease in
the annual increments with increase in age. The parameters of
Von Bertalanffy growth model were estimated for the four spe-
cies as shown in Table 2.
Growth in weight
The calculated weights at the end of each year of life of the
four cichlid species were estimated by applying the correspond-
ing length weight equations to the back calculated lengths. It
appears that, the annual increment of growth in weight in-
creases with a further increase in age until it reaches its maxi-
mum value at age group V (103.97 and 94.05 g) for O. niloticus
and S. galilaeus respectively and age group VI (98.24 and
67.82 g) for O. aureus and T. zillii respectively after which it
shows a gradual decrease with a further increase in age.
W1, tmax and growth performance in length and weight are
also listed in Table 2.
Length frequency
From Fig. 2 it is clear that the length groups of O. niloticus
cover a length range between 14.5 and 31.5 cm; the majority
of ﬁsh were in the length groups 14.5 cm (10.75%) and
15.5 cm (13.98%). Fish samples of S. galilaeus ranged from
12.5 to 25.5 cm, the length groups 18.5 cm (14.79%) and
Figure 2 Percentage length frequency distribution of the four cichlid species in Nozha Hydrodrome.
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O. aureus ranged from 12.5 to 31.5 cm, the most dominant
length group was 15.5 cm (20.07%). While in T. zillii the most
dominant length groups were 16.5 cm (18.5%) and 17.5 cm
(11.45%), and the length ranged from 10.5 to 24.5 cm. From
these histograms we can also see that, the biggest length groups
are poorly represented in the catch. It is also apparent that,
O. niloticus and O. aureus reach bigger sizes than the other
two species.
Mortality coefﬁcients
The values of the total mortality ‘‘Z’’ by the catch curve meth-
od for O. niloticus, S. galilaeus, O. aureus and T. zillii in Nozha
Hydrodrome were found to be 0.847, 0.827, 0.858 and
0.824 year1 respectively. The values of the second method
(cumulated catch curve) for O. niloticus, S. galilaeus, O. aureus
and T. zillii were 0.8997, 0.8235, 0.8461 and 0.830 year1,
respectively. We used the average value of the two estimated
values of ‘‘Z’’ according to the two methods for the four
species. These values are 0.873 year1 for O. niloticus,
0.825 year1 for S. galilaeus, 0.852 year1 for O. aureus and
0.827 year1 for T. zillii.
The value of ‘M’ for O. niloticus was 0.519 year1, for
S. galilaeus was 0.516 year1, for O. aureus was 0.511 year1
and for T. zillii was 0.525 year1.
‘‘F’’ was calculated and was found to be 0.354, 0.309, 0.341
and 0.302 year1 for O. niloticus, S. galilaeus, O. aureus and
T. zillii, respectively.
Estimation of the survival rates ‘‘S’’ and exploitation ratio
The estimated survival rate value for O. niloticus was 0.418,
0.438 for S. galilaeus, 0.427 for O. aureus and 0.437 for T. zillii.
The exploitation ratios of O. niloticus, S. galilaeus, O. aureus
and T. zillii were 0.406, 0.375, 0.400 and 0.365, respectively.Length and age at ﬁrst capture
Length at the ﬁrst capture ‘‘Lc’’ values were 14.66 cm for
O. niloticus, 14.11 cm for S. galilaeus, 13.15 cm for O. aureus
and 12.99 cm for T. zillii. The corresponding age at ﬁrst cap-
ture ‘‘tc’’ which marks the beginning of the exploited phase
for the four species were 1.87, 1.94, 1.80 and 2.08 years for
O. niloticus, S. galilaeus, O. aureus and T. zillii in Nozha
Hydrodrome respectively.
Length and age at recruitment
The obtained values of Lr were 13.524, 12.527, 11.814 and
11.389 cm. and the corresponding values of ‘tr’ were 1.650,
1.619, 1.550 and 1.709 year for O. niloticus, S. galilaeus,
O. aureus and T. zillii respectively.
Yield per recruit and biomass per recruit
The yield per recruit model of Beverton and Holt (1956, 1957)
has been widely applied in the ﬁsheries development and man-
agement (Mahmoud, 2005). The yield per recruit model for the
four species under study in Nozha Hydrodrome was computed
as a function of ﬁshing mortality ‘‘F’’. The yield per recruit val-
ues for the four Tilapia species, were found to be (56.3531 g)
for O. niloticus, (47.7185 g) for S. galilaeus, (46.2848 g) for
O. aureus and (31.6971 g) for T. zillii.
The biomass per recruit was found to be (159.05 g) for
O. niloticus, (154.33 g) for S. galilaeus, (135.89 g) for O. aureus
and ﬁnally (104.99 g) for T. zillii.
Fig. 3 shows that, an increase in the ﬁshing mortality leads
to an increase in the yield per recruit till it reaches a certain va-
lue after which the yield per recruit decreases; this value is the
maximum yield per recruit ‘‘Y/Rmax’’ and it corresponds to the
value of the maximum ﬁshing mortality ‘‘Fmax’’. On the other
hand the biomass per recruit decreases with increasing ﬁshing
Figure 3 Yield per recruit and average biomass per recruit curves of the four cichlid species in Nozha Hydrodrome.
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represented when ﬁshing mortality is equal to zero (F= 0)
and is called virgin biomass (The biomass of the unexploited
stock).
The values of yield per recruit and the biomass per recruit
for the four species under study as a function of ﬁshing mortal-
ity by testing various ‘‘F’’ values show that, the maximum yield
per recruit (Y/Rmax) for O. niloticus was 65.8714 g which cor-
responds to optimum ﬁshing mortality value Fmax
(1.037 year1). For S. galilaeus Y/Rmax was 57.8387 g
corresponding to Fmax 0.988 year
1. For O. aureus Y/Rmax
was 52.0700 g and Fmax was 0.801 year
1. Finally for T. zillii
Y/Rmax was 40.0469 g and Fmax was 1.146 year
1.
The percentages of biomass per recruit to the virgin
biomass at the optimum ﬁshing value for O. niloticus,
S. galilaeus, O. aureus and T. zillii were 16.35%, 16.78%,
19.00% and 15.31%, respectively.
Biological reference point (F0.1 and Fmax)
The value of the biological target reference point F0.1 was esti-
mated for the four species under study in Nozha Hydrodrome.
It was 0.409 year1 for O. niloticus, 0.400 year1 for S. galila-
eus, 0.367 year1 for O. aureus and 0.423 year1 for T. zillii.
The percentages of biomass per recruit value to the virgin
biomass at the biological reference point ‘‘F0.1’’ for O. niloti-
cus, S. galilaeus, O. aureus and T. zillii were 37.01%,
37.10%, 37.64% and 36.77%, respectively.Discussion
In the present study, the values of the constant ‘‘b’’ in the
length weight relationship were found to show negative allom-
etry for each of the four Cichlid species in Nozha Hydro-
drome. The present results are in agreement with El-Sawy
(2006) and Soliman (2005) in Lake Edku. On the other hand
some authors found ‘‘b’’ values showing positive allometry
for the four species as Abd El-Baky and El-Serafy (1990) in
Lake Manzalah, El-Haweet (1991) and Sangak (2010) in Lake
Burullos.
The condition factor for the four species of the Cichlid fam-
ily in Nozha Hydrodrome are higher than those recorded by
Mahmoud and Mazrouh (2008) in the River Nile and Philips
(2004) in Nozha Hydrodrome; these results indicate that, the
four species thrive well in Nozha Hydrodrome. The maximum
value of the condition factor appeared in spring in the four
species, it decreased in summer and autumn gradually till it
reached a minimal value in winter, this may be due to the max-
imum abundance of phytoplankton and zooplankton occuring
in spring (Gharib, 1991).
Concerning their growth in weight it was found that, O. nil-
oticus and O. aureus were higher than the two other cichlid spe-
cies and it increased annually till the ﬁsh reached a certain age
(age group V in O. niloticus and age group VI in O. aureus)
after which it decreased. On the other hand it was noted that,
the ponderal growth of S. galilaeus and T. zillii has a progres-
sive increasing rate.
Table 3 Average values of Von Bertalanffy growth parameters for the four species in different regions by different authors.
Species Author Location L1 W1 K to ØL
O. niloticus Present study (2011) Nozha Hydrodrome 38.06 1081.9 0.21 0.43 2.49
Rinne (1976) Lake Victoria 45.00
El-Haweet (1991) Lake Burullos 32.80 685.0 0.33 0.15 2.55
Dache (1994) Nyanza Gulf 61.30 0.35 3.12
Abaza (2003) Lake Mariut 2.47
El-Sawy (2006) Lake Edku 27.50 414.0 0.52 0.08 2.59
Soliman (2005) Lake Edku 31.08 614.3 0.31 0.02 2.47
Gomez-Marquez et al. (2008) Shallow lake (Mexico) 17.80
Mahmoud and Mazrouh (2008) River Nile 28.50 439.0 0.39 0.32 2.50
Adeyemi et al. (2009) Gbedikere Lake 43.82
Sangak (2010) Lake Burullos 34.62 801.0 0.21 0.42 2.41
S. galilaeus Present study (2011) Nozha Hydrodrome 37.39 1043.8 0.207 0.35 2.46
El-Haweet (1991) Lake Burullos 26.60 337.0 0.309 0.48 2.34
Philips (2004) Nozha Hydrodrome 35.56 830.9 0.263 0.19 2.52
El-Sawy (2006) Lake Edku 21.40 191.0 0.400 0.24 2.27
Soliman (2005) Lake Edku 24.58 298.7 0.371 0.25 2.35
Mahmoud and Mazrouh (2008) River Nile 20.30 160.0 0.420 0.24 2.24
Sangak (2010) Lake Burullos 27.74 402.3 0.241 0.48 2.27
O. aureus Present study (2011) Nozha Hydrodrome 38.09 1075.2 0.206 0.25 2.23
El-Haweet (1991) Lake Burullos 27.90 429.0 0.378 0.20 2.29
Philips (2004) Nozha Hydrodrome 34.91 630.8 0.264 0.01 2.51
Mehanna (2004) Wadi El-Raiyan Lake 27.15 0.560 2.62
El-Sawy (2006) Lake Edku 19.40 122.1 0.510 0.19 2.28
Soliman (2005) Lake Edku 23.85 289.5 0.449 0.11 2.41
Jimenez (2006) Inﬁrenillo reservoir (Mexico) 47.90 0.460 0.06 3.02
Mahmoud and Mazrouh (2008) River Nile 26.40 308.0 0.400 0.21 2.45
Sangak (2010) Lake Burullos 31.78 575.2 0.169 0.76 2.23
T. zilli Present study (2011) Nozha Hydrodrome 33.38 713.4 0.203 0.35 2.35
El-Haweet (1991) Lake Burullos 25.30 324.0 0.231 0.91 2.17
Philips (2004) Nozha Hydrodrome 26.98 356.8 0.306 0.12 2.35
Mehanna (2004) Wadi El-Raiyan Lake 33.50 0.5 2.74
El-Sawy (2006) Lake Edku 18.23 131.6 0.420 0.32 2.14
Soliman (2005) Lake Edku 20.51 184.2 0.291 0.14 2.09
Mahmoud and Mazrouh (2008) River Nile 16.50 87.0 0.500 0.15 2.13
Adeyemi et al. (2009) Gbedikere Lake 34.52 0.440 0.22
Sangak (2010) Lake Burullos 24.80 310.1 0.197 0.86 2.09
288 H.H. Mahmoud et al.Various authors gave different values for Von Bertalanffy
growth formula parameters for the four cichlid species under
the present study in Nozha Hydrodrome (Table 3) among var-
ious geographic localities. The controversy among the results
given by various authors maybe due to the variations in the
environmental conditions among different geographical local-
ities. Also, we can say that, the method of sampling can affect
the calculated biological parameters.
The values of ‘‘E’’ for the four species in Nozha Hydro-
drome are still within the accepted limits, as compared to delta
Lakes and River Nile (El-Bokhty, 2010 and Faragalla et al.,
2011). The values of survival rates (S) are higher than those re-
corded by Philips (2004) in Nozha Hydrodrome.
It is well established now that future yields and stock bio-
mass levels can be predicted by means of mathematical models.
These models can be used to forecast the effects of develop-
ment and management measures, such as increase or reduction
of ﬁshing ﬂeets, change in minimum mesh size, closed seasons,
closed areas, etc. Thus, these models form a direct link between
ﬁsh stock assessment and ﬁshery resource management. Such
models are widely used in assessing and managing ﬁsheries
in water reservoirs (Jimenez, 2006).Estimation of the yield per recruit (Y/R) of the four studied
Cichlid species by applying Beverton and Holt model (1957)
provides a useful indication about ﬁsh stocks. The values of
biomass per recruit for the species under study are higher than
those recorded by Philips (2004) in Nozha Hydrodrome, Mah-
moud and Mazrouh (2008) in Rosetta branch and Sangak
(2010) in Lake Burullos. This means that the ﬁsheries status
of Cichlid in the Hydrodrome is in a better condition, than
in other areas as well as in the Hydrodrome 2004.
It is worth mentioning that, the maximum sustainable yield
is not a preferable target in ﬁsheries management, on the other
hand the biological reference points are considered to be better
target ﬁshing points of which F0.1 is currently used. The ﬁsher-
ies status in Nozha Hydrodrome for all species under study did
not reach the target reference point.
According to the present study, we can say that, the ﬁsher-
ies status of cichlid species in Nozha Hydrodrome did not
reach the target reference point ‘‘F0.1’’ therefore the ﬁsheries
status are far from the overexploited phase. It can be recom-
mended to raise the ﬁshing effort in Nozha Hydrodrome to
a value corresponding to the smallest value of ‘‘F0.1’’ in the
four species under study.
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